Bacteria are abundant in atmospheric water phase with the potential to influence 16 atmospheric processes and human health, yet relatively little information is known 17 about the bacterial characteristics at high altitudes. Here we investigated the bacterial 18 community by high throughput sequencing in 24 cloud water samples collected from 19
. These microbes also provide 38 a medium for the spread of diseases through potential pathogens and allergens (Bowers 39 et al., 2012; Cao et al., 2014) . The previous findings have reported that these bacteria 40 at high altitudes are metabolic active and reproductive even under a hostile super-41 cooled environment (Smets et al., 2016) . Increasing evidence stated that the active 42 bacteria isolated from different cloud type (continental, marine, and anthropogenic 43 cloud) can link to the photochemistry and biological reactions (Delort et al., 2010; 44 Vaïtilingom et al., 2012) . While the bacterial characteristics obtained from orographic 45 clouds have not been fully studied. 46
Orographic clouds are generated by the forced lift of air mass under a special 47 topographic feature, in particular mountain regions. The air mass can quickly cool down 48 adiabatically with the increase of altitudes, and then raise the relative humidity up to 49 100%, a fact that is likely to influence the bacterial community (Kourtev et al., 2011) . 50
So far the research at the high altitudes were restricted, mainly focused on the bacterial 51 ice nucleation activity, concentration and functions on the nucleation process 52 Amato et al., 2015) . Researches on the total bacterial 54 community were rare due to the limited measurement technique. Vaïtilingom et al. 55 (2012) investigated the microbial population in cloud water via cultured method at the 56 4 puy de Dôme Mountain (about 1465m), France. Yet, this method restricted on the 57 cultured bacteria which contributed to less than 1% of the total bacteria (Amato et al., 58 2007a; Hill et al., 2007) . With the advances in high-throughput sequencing, many 59 researchers employed this technology to characterize the taxonomic identification of 60 airborne bacteria at phylum, class, order, family, genus, and species levels. Bowers 
Cloud Water Collection and Environmental Factors 97
Cloud water is formed by water condensation of atmospheric particles under 98 supersaturation environment (Martinsson et al., 1999) . We determined the cloud events 99 based on the duration. The cloud process lasted more than one hour in a day was 100 considered as one cloud event. For each event, continuous samples were collected once 101 volumes got enough of 100 mL. As shown in Table 1 Beijing time. There were twelve samples sampled from daytime and nighttime. 124
DNA Extraction and PCR Amplification 125
Firstly, each sample was centrifuged for 3 min at 3000 rpm, then discarded the 126 supernatants and extracted the pellets. Genomic DNA was extracted by a MP 127 Biomedicals FastDNA Spin Kit for soil according to the manufacturer's directions. In order to determine the specific taxa between daytime and nighttime, linear 168 discriminant analysis effect size (LEfSe) was employed in this study 169 (http://huttenhower.sph.harvard.edu/galaxy/). It is able to analyze two or more sets 170 groups at any taxonomic level (Mahnert et al., 2015) , and then establishes statistical 171 significance, biological consistency, and effect-size estimation of predicted biomarkers 172 through bacterial taxa explanations. We use the default logarithmic (LDA) value higher 173 than 4 for clarity. approached an asymptote ( Figure 1A) , indicating the entire diversity was acquired. 179
Notably, the OTUs were higher than that in aerosol collected in the upper troposphere 180 throughput sequencing currently, we compared the results with airborne bacterial 212 community at high altitude sites analyzed by high-throughput sequencing. The 213 community was slightly different with aerosols collected at different altitudes. The 214 marine bacterial members Alphaproteobacteria and Cyanobacteria were dominant in 215 aerosols obtained at 1000m, while terrestrial bacteria Bacilli and Actinobacteria 216 contributed more sequences to aerosols collected at 3000m (Maki et al., 2015) . In 217 present study, Cyanobacteria was not predominant, but it showed a higher abundance 218 Through the high throughput sequencing, we observed sequences with homology to the 242 following known cloud condensation nucleating and ice nucleating bacteria: 243 Sphingomonas (6.7%), Pseudomonas (4.1%), Bacillus (1.1%), Rhodococcus (0.5%), 244 12 and Psychrobacter (0.4%). These bacteria cycling in near-surface atmosphere 245 experience aerosolization processes by emission from surface cover (soil, ocean, and 246 vegetation) and deposition processes by rain and cloud. First, bacteria take part in the 247 cloud formation via offering a surface for the water vapor condensation at the 248 supersaturation over the particle surface. The presence of lipopolysaccharides or 249 exopolymeric substances on bacterial surface can enhance its activity ability to cloud 250 droplets (Delort et al., 2010) . bacterium Pseudomonas (Lee et al., 1977) in marine-influenced samples was found to 295 be 9-times higher than the non-marine influenced cloud samples. Owing to the lack of 296 standardization in the sample collection and analysis process, it is hard to explain these 297 differences with previous publications. The discrepancies may be due to the different 298 analysis methods (Denaturing Gradient Gel Electrophoresis, cultured method, and 299 BLASTN application, and high throughput sequencing), sampling methods, 300 metrological conditions (temperature, UV radiation, wind speed, and humidity), 301 sampling location (geographic location, land use, traffic nearby, and altitude), and 302 environmental factor (pH, conductivity, PM2.5, SO2, O3, CO, NO2, and temperature). 303
Herein the redundancy discriminant analysis showed that the environmental factors 304 distinctly related to the variations of species-environment relation in different samples. 305
The first axis explained 66.7% of the variation of species-environment relationship, and 306 the second axes explained 14.0% ( Figure 5 ). The RDA with original data shows that O3 307 and SO2, which made 0.001 Pr and 0.019 Pr with 999 permutations number based on 308 1‰ level in a permutation test, was the critical factors for the species-environment 309 relationship. Corresponding values were higher than 0.05 for other environmental 310 factors. Therefore, O3 and SO2 in atmosphere contributed statistically significant to 311 variation of bacterial community. The O3 and SO2 gases participated in the disinfection 312 of bacteria and formation of SO4 2in cloud water. Zuma et al. (2009 and 2010) showed 313 that ozone have bigger germicidal effectiveness to gram-negative and gram-positive 314 strains than the free radicals. Kim et al., (2000) observed a lower survivors fraction of 315
Pseudomonas strains with increasing ozone treatment. H2SO4 generated by SO2 in 316 15 atmosphere were known to be toxic for micrograms such as Rhodobacteraceae and 317
Desulfobacterales (Gao et al., 2016; Won et al., 1969) . In the present study, these two 318 factors mainly have a positive influence on the relative abundance of Noviherbasirllum, 319
Serratia, and Massilia, and then act on the distribution of samples dominated by these 320 genera, such as sample A, B, and C in group I. In addition, PM2.5, conductivity, and 321 temperature were also important to positive correlation with the relative abundance of 
Conclusion 331
In order to describe the bacterial community in atmospheric cloud system and its 332 variation, cloud water were collected at the summit of Mt. Tai and analyzed by high 333 throughput sequencing. Diverse bacterial population at high altitude was dominated by 334 gram-negative fractions, e.g. Acinetobacter, Serratia, Massilia, Sphingomonas, 335
Acidovorax, and Pseudomonas. Some member of these taxa are able to participate in 336 the nucleation process by act as cloud condensation nuclei (CCN) and ice nuclei (IN) 337 Only bacteria with relative abundance ≥1% were labeled. 
